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1.  GENERAL 

This  report  covers  the  design,  development,  and  engineer- 
ing activities  of  Comstock  & Wescott,  Inc.  in  support  of 
a research  program  of  the  Air  Force  Geophysics  Laboratory 
AFGL  . The  work  discussed  in  this  report  covers  the  de- 
sign, development,  and  fabrication  of  two  double-deck 
grazing  incidence  grating  spectrometers  (RM-59  and  RM-60). 

It  also  includes  the  integration  of  two  Government  furnished 
auxiliary  experiments. 


The  principal  engineers  on  this  contract  were 
Mr.  John  F.  McGrath, 

Director  of  Mechanical  Engineering,  and 

Mr.  Joseph  P.  Padur, 

Project  Physicist. 

Work  in  the  field  of  electronics,  including  the  flight  elec- 
tronics and  ground  support  equipment  ( GSE ) , was  subcontracted 
to  TRI-CON  Associates,  Inc.  and  was  conducted  under  the 
direction  of  Mr.  Chester  G.  Kuczun  and  Mr.  Robert  S.  Hills. 
Other  technical  contributors  to  the  contract  were  Messrs. 
Charles  W.  Peterson,  William  F.  Burke,  and  George  W.  Guay 
of  Comstock  & Wescott,  Inc.,  and  Messrs.  Norbert  F.  Robertie 
and  Timothy  A.  Doyle  of  TRI-CON  Associates,  Inc. 


2 . RELATED  CONTRACTS 


The  following  contracts  have  preceded  the  contract  covered 
by  this  report: 

AF19(604)-1097,  195^  to  1956. 

Contract  concerned  with  development  of  a soft  X-ray 
radiation  source  and  an  associated  high  vacuum 
system . 

AP19  (60^4 ) — 1 889  5 1956  to  1959. 

Measurements  of  EUV  and  soft  X-rays. 

AF19 (60M-5693,  1959  to  1961. 

Investigation  of  extreme  ultraviolet  solar  radiation 
and  clarification  of  role  of  photoelectron  emission. 

AF19 ( 604 )-7^96 , I960  to  1963. 

Development  of  a number  of  rocket  and  satellite  mono- 
chromators and  retarding  potential  detectors.  Spe- 
cific reference  is  made  to  the  Final  Report  AFCRL-6^- 
773  of  this  contract. 

An  associated  contract  which  ran  concurrently  with 
AF19 (604 ) — 7 ^ 9 6 was  AF19 ( 628 )-2975 . 

This  was  concerned  with  research  into  the  photoemis- 
sion properties  of  materials  and  with  the  investiga- 
tion and  development  of  various  spectroscopic  instruments 

AF19 ( 628 )-4 317  was  an  extension  of  AF19  ( 604 ) — 7 ^ 9 6 . 

Contract  AF19 (628 ) — 5 1 8 8 covered  a further  extension 
of  this  work. 
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-•  8-  39  v<  red  an  extension  of 

performed  under  the  former  contract  arid 
the  work  covered  by  'hi.;  rei  ort . 


' ntract  )£  8-72-C-0048  covered  a modification 
of  a Double-Deck  EUV  Spectrophotometer. 


ntract  P19£  8-72-0-0254  covered  des : .-n,  develop- 
ment , and  fabrication  of  a double  spectrophotometer 
consist  in.--  of  one  grazing  incidence  and  one  normal 
inci  : nee  jrating  spectrophotometer. 


ther  contracts  carried  out  by  Comstock  & Wescott  in  the  field 
of  space  instrumentation,  but  not  directly  related  to  this 
contrac*:,  are: 


A F 1 9 ( 6 1 _ -253  - Research  directed  toward  Design  of 
Instrumentation  for  Investigation  of  Aerospace  by 
Rocket  and  Satellite  Probe  Techniques. 

AF19 ( 628 )- 4988  - Rocket  and  Satellite  Probe  Techniques. 

F19628-68-C-0307  - Continuation  of  AF19 ( 628  ’ -4988 . 


F19628-72-C-0027  - Continuation  of  F19628-68-C-0307 • 
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3.  R ;KET  Si  !•:  " H ■ Hr.  V 


. 1 Introduction 

RM-59  was  a grazing  incidence,  double-deck  spectrom- 
eter designed  to  measure  eight  fixed  wavelengths  con- 
tinuously during  a rocket  flight  as  part  of  the  Aladdin 
program.  The  eight  selected  wavelengths  were:  23^3, 

: 4ft,  84ft,  6 3Cift,  736’ft,  912ft,  1026ft,  and  1206ft. 

The  instrument  was  a Rowland  mount  spectrometer  de- 
signed for  use  with  two  meter  radius  of  curvature 
gratings,  illuminated  at  an  angle  of  incidence  of  86 
degrees  from  the  grating  normal.  There  were  two  paral- 
lel optical  paths  (decks)  with  entrance  aperture, 
grating,  scanning  and  detection  systems  and  electronics, 
independently  and  simultaneously  operated  to  monitor 
the  eight  specified  wavelengths  in  the  solar  spectrum. 
Earlier  versions  of  this  type  of  instrument  are  described 
in  the  following  references: 

(a)  Wiederhold,  P.  R.  and  J.  F.  McGrath,  Jr., 
"Instrumentation  for  Studies  of  Solar 
Extreme  Ultraviolet  Radiation,"  Final 
Report,  November  1968,  Contract  AF19C628)- 
5188,  Comstock  & Weseott,  Inc.,  Cambridge, 

Mass.  AFCRL-69-0004. 

(b)  Padur,  J.  P. , J.  F.  McGrath,  Jr.,  and 
P.R.  Wiederhold,  "Instrumentation  for 
Studies  of  Solar  XUV  Radiation,"  Final 
Report,  February  1972,  Contract  AFI9628- 
68-C-0239,  Comstock  & Weseott,  Inc., 

Cambridge,  Mass.  AFCRL-72-0133 • 
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Instrument  Package 


Tne  magnesium  spectrometer  package  as 
originally  proposed  is  illustrated  in  F'^ur-  1. 
Figure  2 is  a reproduction  of  a ph  * orraph  f 
the  instrument  as  delivered  to  AF1L  for  calibra- 
tion. Table  I contains  a summary  of  the  techni 
characteristics  of  this  instrument.  Descriptions 
of  the  individual  components  are  given  in  the  fol- 
lowing sections. 

3 Entrance  Aperture 

The  entrance  aperture  for  each  deck  was  similar 
to  ‘he  one  shown  in  Figure  3 which  includes  an 
electro formed  slit,  etched  slit  height  limiter, 
and  polarized  aperture  plates.  The  slits  were  of 
electroformed  nickel  on  a base  of  beryllium 
copper,  and  had  a high  degree  of  dimensional 
accuracy  (as  well  as  sharp  slit  edges)  due  to  the 
inherent  accuracy  of  the  photoforming  manufactur- 
ing process.  One  side  of  the  slit  housing  was 
used  as  a reference  surface  to  align  the  slit, 
and  was  also  used  for  temporary  mounting  of  an 
optical  target  in  the  optical  alignment  procedure. 
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TABLE 


3.4  Grating  Mount 


The  grating  mount  for  each  deck  consisted  of  a stiff, 
accurately -ground  base  plate  with  three  reference 
surfaces  for  positioning  of  the  grating.  Clamps  for 
the  grating  were  provided  opposite  the  three  refer- 
ence surfaces  to  apply  clamping  force  through  cyclized 
rubber  pads.  Each  assembly  was  removable  from  the 
instrument  as  a unit  without  disturbing  the  grating 
clamps.  Mounting  surfaces  were  provided  in  the  instru- 
ment which  were  machined  to  the  accuracy  needed  to 
assure  the  maintenance  of  proper  focus  on  the  Rowland 
circle  at  all  wavelengths  within  the  range  of  the 
instrument.  Figure  4 illustrates  the  grating  mount 
assembly . 


3.5  Gratings 

The  gratings  for  this  instrument  were  two  identical  gold 
coated  replicas  (Bausch  & Lomb  Catalog  No.  35-52-39-30) 
with  the  following  characteristics: 


Ruling 
Ruled  Area 

Blaze  Wavelength 
Blaze  Angle 
Grating  Blank 


300  grooves/mm 
32  mm  ruled  width 
24  mm  groove  length 
4 6 5 0 S 
4°00 ' 

1986  mm  radius,  fused  quartz 


Provisions  were  made  for  visual  verification  of  the  instru 
ment  alignment  (entrance  slit,  grating,  and  exit  slits) 
during  integration  with  the  solar  pointing  control.  These 
provisions  included  a means  of  determining  whether  the 
solar  visible  radiation  was  illuminating  the  grating 
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properly  in  the  elevation  and  azimuthal  planes.  In 
order  to  check  whether  this  radiation  did  pass  through 
the  exit  slit  in  the  azimuthal  plane,  a grating  substi- 
tute was  provided,  enabling  one  to  traverse  the  visible 
radiation  along  the  entire  Rowland  circle. 

3.6  Detectors 

Pour  (4)  Galileo  Model  #4500  channel  electron  multi- 
pliers (OEM's)  were  used  in  each  deck  for  measuring 
the  diffracted  radiation.  These  detectors  were  potted 
in  an  elastomer  and  positioned  behind  their  respective 
exit  slits  with  the  cone  portion  of  the  channel  at  graz- 
ing incidence  to  the  diffracted  radiation.  Prior  to 
assembly  in  the  instrument,  each  of  the  CEM-amplif ier 
combinations  were  shown  to  exhibit  a well  defined  count- 
ing plateau  for  count  rates  up  to  100,000  counts  per 
second  when  illuminated  with  EUV  radiation.  The  OEM's 
were  operated  with  a positive  potential  of  3,000  volts 
on  the  anode  with  respect  to  ground;  400  volts  on  the 
throat,  and  about  20  volts  on  the  cone  entrance  for 
charged  particle  rejection.  Each  OEM  was  also  well 
shielded  to  reject  any  radio  frequency  interference . The 
background  count  rate  was  less  than  one  count  per  second 
for  each  of  the  units.  The  amplifiers  were  mounted  atop 
the  CEM  assemblies  with  minimum  lead  length  to  reduce 
unwanted  pickup. 

Provisions  for  alignment  of  the  exit  slits  with  respect 
to  the  entrance  slit  were  supplied  in  the  exit  slit 
mounts.  This  adjustment  was  in  the  plane  perpendicular 
to  the  plane  of  dispersion  of  the  grating  and  was  opti- 
cally referenced  to  the  grating  normal. 


LOCATING^ 


During  the  calibration  of  this  instrument,  three  detec- 
tors failed  at  various  times.  Past  experiences  have 
revealed  shorts  and/or  opens  in  either  of  the  three 
leads  from  the  CEM  but  never  a complete  breakdown  of 
the  CEM,  so  they  were  replaced  without  full  knowledge  of 
the  cause.  When  the  problem  again  arose  with  RS-60,  an 
investigation  of  the  manufacturing  process  of  the  detec- 
tors was  undertaken.  The  results  of  this  investigation 
are  given  in  Section  ^.6. 

3.7  Wavelength  Scanning  Subsystems 

Each  wavelength  scanning  system  consisted  of  a detector/ 
amplifier  carrier  assembly,  a flexible  drive  belt,  a 
motor  drive  assembly,  and  a take-up  pulley  assembly. 

Each  deck  was  designed  to  scan  across  four  spectral  lines 
in  the  EUV  in  two  seconds,  with  data  points  on  either 
side  of  the  peak  count,  for  background  correction.  The 
data  sampling  time  was  100  milliseconds  in  both  decks. 

3.7.1  Take-Up  Pulley  Assembly 

The  take-up  pulley  assembly  is  illustrated 
in  Figure  5 and  consisted  of  one  pulley  sup- 
ported by  a single  housing  at  the  rear  of 
the  Rowland  circle.  It  contained  sprocket 
pins,  was  adjustable,  and  accommodated  a cer- 
tain amount  of  belt  misalignment  through  the 
use  of  a gimballed  mounting  arrangement.  The 
housing  contained  a thumbscrew-actuated  ad- 
justment mechanism  that  provided  a predeter- 
mined amount  of  belt  tension  with  amplitude 
restraint  to  prevent  belt  disengagement  dur- 
ing vibration.  Adjustment  of  the  thumbscrew 
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• ariv*  ax  s-  r.l  ly  for  each  deck  consisted 
f i B-v  permanent  m i t 1c  mol  r 

with  a ■ step  ! ncrement  , an  int<  ;ral  gear- 
• flexible  .-oupling,  a recirculat in.-: 

: ■ Lead  sen  w , Irive  belt  bracket  and 
count erwe i ght , limit  switches,  and  housing. 

It  is  xh  wn  in  Figure  6. 

Le<  : s w had  a pitch  of  0.100  inch. 

..hen  driven  through  a gearhead  with  a reduc- 
tion ratio  of  10:1,  it  produced  a linear 
motion  of  the  drive  belt  bracket  of  .0025 
inch  per  step  of  the  motor. 

A modification  in  the  electronic  design  was 
made  in  order  to  "double-step"  the  motor 
in  the  flight  mode  so  that  the  drive  belt  bracket 
would  increment  by  .005  inch.  This  modification 
will  be  discussed  in  the  electronics  section. 

Limit  switches  were  adjustable  for  any  de- 
sired scanning  range.  The  switch  actuators 
had  overtravel  plungers  designed  to  prevent 
damage  to  the  switches  (Figure  7). 

The  switches  used  were  Texas  Instruments 
Type  AT- 36 2. 
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Flexible  Belt  Drive 

The  drive  tell  was  manufactured  from  4 '.ill 
heat— t il  • : bery  Lium— copper  strip  and 

fixed  to  the  two  axles  on  the  detector- 
amp  LI f ier-carrler  assembly . 

3 . 7 . Detector-Amplifier  Carrier  Assembly 

The  D-A  carriers  were  manufactured  from 
aluminum  alloy  and  mounted  four  detector- 
amplifier  exit  slit  modules  on  the  Rowland 
circle  so  that  four  bands  of  wavelength 
would  be  covered  when  the  carrier  was 
scanned  through  the  total  wavelength 
range.  The  carriers  rode  on  the  machined 
Rowland  circle  on  four  wheels,  consisting 
of  ABEC-7  class  ball  bearings. 

3-7. c Detector  Modules 

The  detector  modules  were  similar  to  units 
supplied  on  previous  contracts  and  are  typi- 
fied in  Figure  8 showing  the  module  less 
amplifier . 

The  spiral  detector  was  mounted  in  a Kel-F 
housing  and  potted  in  silicone  rubber.  The 
silicone  compound  used  to  support  the  detec- 
tor was  G.E.  RTV-11. 
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3.3  Optical  Alignment 


Reference  surfaces  were  provided  on  the  grating  seat 
and  entrance  and  exit  slits  for  mounting  targets  to 
be  used  in  the  optical  alignment.  The  exit  slits  had 
a fixed  slit-jaw  spacing  and  their  mount  was  adjustable 

to  provide  parallelism  with  the  entrance  slit  to 

- 4 

±2  x 10  radians.  The  slits  were  mounted  onto  the 
Rowland  circle  so  that  the  surface  of  the  slit  was 
normal  to  the  dispersed  radiation  when  the  slit  was  at 
mid-scan . 

3-9  Electronics  for  Rocket  Spectrometer  No.  59 

3.9.1  General  Discussion 

A separate  electronic  subsystem  was  built 
for  each  deck  of  the  instrument.  Each  sub- 
system included  a high  voltage  power  supply, 
a divider  board,  a pulse  amplifier  for  each 
of  the  four  detectors,  and  three  logic 
cards,  one  of  which  mounted  a dual  plus  and 
minus  fifteen  volt  power  supply. 

The  three  logic  cards  of  each  deck  were 
mounted  in  a single  electronics  box.  Other 
than  the  common  box  and  a common  electrical 
connector,  the  electronics  of  each  deck 
w - re  »r"irely  separate. 

<■  irr-  n*  pulses  from  the  four  detectors 
: :•  ••••used  bv  the  instrument  electronics. 

'h  pulses  were  counted  and  the  count 
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Figure  8.  S .W.  Channeltron 
Assembly 


converted  to  a binary  coded  decimal 
number.  The  magnitude  of  the  number 
is  a function  of  the  radiation  inten- 
sity. The  electronics  also  controlled 
the  wavelength  scan  drive  motor  and  gen- 
erated a decimal  number  representing  the 
wavelength  of  the  radiation  being  pro- 
cessed by  the  detector  electronics. 

Each  of  the  above  decimal  numbers,  or 
words,  consisted  of  four  decimal  digits 
and  each  digit  was  comprised  of  four 
binary  coded  decimal  bits.  In  addition, 
a 16-bit  synchronization  word  was  gener- 
ated which  facilitated  the  computer  data 
reduction . 

The  six  words  described  above  (sync 
word,  scan  position  word,  and  four  detec- 
tor words)  made  up  a PCM  data  frame  con- 
sisting of  96  bits  (6  words  of  16  bits 
each).  A separate  PCM  data  channel  was 
used  for  each  deck.. 

The  frame  rate  was  the  same  as  the  scan 
stepping  rate  of  10  per  second  and  was 
synchronized  with  it  so  that  the  scanner 
would  move  to  the  next  position  at  the 
beginning  of  the  PCM  frame  (Bit  1 of  sync 
word).  A timing  diagram  of  the  PCM  data 
format  and  logic  waveforms  is  given  in 
Figure  9-  Note  that  the  first  two  bits 
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of  the  PCM  data  are  of  -reat.er  arts ■ 1 : - 
' id<  than  the  raa i ning  hits . Thl 
permitted  the  start  of  each  frame  to  be 
detected  by  amplitude  discrimination,  in 
lieu  of  digital  techniques  requiring 
comparison  of  16  bits.  Thus,  the  gr  ind 
support  equipment  was  nreatly  simplified 
to  work  reliably  on  clear  strong  signals 
present  in  the  laboratory  and  prior  to 
launch.  The  digital  sync  word  was  used 
by  the  computer  for  reducing  actual 
flight  data. 

For  flight,  the  PCM  data  were  brought 
through  the  interface  connector  and  were 
used  to  modulate  IRIG  channels  H and  19 
sub-carrier  oscillators  in  an  3-band 
telemetry  deck.  These  sub-carrier  chan- 
nels have  a nominal  rise  time  of  70  and 
250  microseconds  which  is  more  than  ade- 
quate for  transmission  of  the  PCM  signal 
which  has  a non-return-to-zero  form  and 
a bit  width  of  10^1.6  microseconds. 

In  addition  to  the  PCM  data  signals  con- 
taining the  detector  photon  counts  and 
wavelength  information,  three  voltage  moni- 
tors for  each  deck  were  also  brought  out  to 
the  interface  connector  and  were  commutated 
onto  a low  frequency  sub-carrier  oscilla- 
tor. The  commutator,  described  in  a later 
paragraph,  incorporated  sixteen  segments 
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an  i each  segment  v;as  sampled  for  two 
■ nds.  rh i s s am]  time  w as  :h  sen 

permit  th m itat  r ltpul  t<  be 

r - : n a simp]  v It meter,  • *. w 

sec  nds  jiving  ■ . ugh  1 3 m<  for  th<  n ni- 
r voltage  to  settle  out  and  be  ob- 
ser\  i : for  th<  ■ immul  al  r w 1 J m v< 

the  nexl  s nt . The  monil  rs  f r 
each  J'-ck  were: 


a 11 

i ;h  v It  age  on  th<  ietecl  rs. 

b) 

+13  volt  internal 

power  supply 

and 

c ) 

-13  v . ' ' r • rnal 

power  supply 

The  instrument  operated  from  a 28-volt 
inominal)  silver  cell  battery  with  a one 
pere-hour  capacity  located  external  to 
the  Instrument.  The  battery  voltage  was 
also  monitored  and  commutated. 

All  the  integrated  circuit  logic  was  of 
the  complementary  symmetry,  metal  oxide 
semiconductor  (COS/MOS)  type. 

3.9.2  Physical  Configuration 

Each  electronic  system  was  made  up  of 
three  sections:  Four  analo  - pulse  ampli- 

fiers located  on  the  channel-electron- 
multiplier  assemblies  on  the  movine  car- 
riage, three  digital-logic  cards  located 
in  a box  at  the  rear  of  the  instrument 
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i.'.  1 ri  • , "ii id  hi gh  v li. are  assemblies 
: ard  :ated  on  top  of  the  housing. 

Dual  +13v,  -13V)  low  volta  -e  regu- 
lated power  supplies  were  mounted  on 
the  di.*i  ’.al-lo-ic  cards.  Hence,  all 
elect ronics  were  internal  to  the  hous- 
ing and  shielded  from  receiving  or 
producing  external  radio  frequency 
interference.  The  card  box  was  also 
shielded  from  the  detectors  and  vented 
directly  to  the  outside  of  the  housing 
away  from  the  instrument  en‘ ranee  aper- 
ture. The  instrument  electrical  inter- 
face connectors  were  hard  mounted  to 
the  housing  to  proven'  the  umbilical 
cable  from  dangling. 

3.9-3  Circuit  Description 

A block  diagram  of  the  instrument  elec- 
tronics is  given  in  Figure  10. 

Each  detector  amplifier  was  used  to  feed 
pulses  to  a separate  photon  counter 
(consisting  of  four  decade  counters)  on 
a single  counter  card.  The  binary-coded- 
decimal  output  from  the  counters  repre- 
senting the  number  of  photons  collected  by 
the  detector  in  83-3  milliseconds  was  trans 
ferred  to  the  16-bit  shift  register  and 
shifted  out  as  words  three  through  six  to 
the  PCM  output  line  during  the  following 
frame . 
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The  wavelength-scanner  position  was 
counted  in  four  decade  counters  on  the 
motor  drive  readout  cards,  transferred 
to  a 16-bit  shift  register,  and  shifted 
out  as  word  two. 

The  sync  word  (1110101011001011)  was  gen- 
erated on  the  timer  card  and  was  shifted 
out  as  word  one  of  the  PCM  frame. 

The  six  PCM  words  were  combined,  and  pro- 
cessed on  the  PS/test/output  card  to  give 
a nominal  5 volt  signal  to  the  FM/FM 
telemetry  deck.  This  card  also  contained 
a test  oscillator  which,  when  enabled  by 
the  GSE  console,  generated  25000  pulses/ 
second  to  check  the  operation  of  the  pulse 
amplifiers  and  counters.  A DC-to-DC  regu- 
lated power  supply,  also  on  this  card, 
changed  the  battery  28  volts  to  +13  volts 
and  -13  volts  needed  by  the  pulse  ampli- 
fiers and  integrated  circuits. 

The  logic  circuits  for  driving  the  four- 
position  stepping  motor  were  included  with 
the  scanner  position  circuits  on  the  motor 
drive/timer  card. 

The  timer  card  contained,  in  addition  to 
the  sync  word  generator,  the  PCM  clock  oscil 
lator  and  logic  circuits  to  generate  the 
necessary  sync  pulses,  shift  pulses,  load, 
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Inhibit , and  : ml  signals.  Ph 

clock  oscillator  was  crystal  contr  11*  1 
• o . 01  percent  in  fr<  *quet  :y. 

liagram,  the  trans- 
fer and  reset  counter  signals  occur  during 
the  first  half  of  the  first  word  of  the 
' frame . The  photon  counters  were  in- 
hibited during  the  whole  first  word  and 
thus  accumulated  counts  during  five-sixths 
of  the  frame  or  83-3  millisec  nds. 

The  high  voltage  power  supply  operated 
from  the  28-volt  battery  and  produced  3000 
volts.  The  output  voltage  was  filtered 
and  applied  1 the  anodes  of  th  four  detec- 
tors. A resistor  divider  was  used  to  supply 
h 0 0 volts  to  the  throat  terminals  of  the 
detectors.  Also,  a tap  at  approximately 
■ v . ' was  us-'d  f :•  a vol  t a ■ r:  ni  tor. 

The  schematics  of  the  printed  circuit  cards 
are  given  in  Figures  11,  12,  and  13. 

The  pulse  amplifier  schematic  is  shown  in 
Figure  14.  The  input  reference  level  is  set 
at  10  millivolts.  Output  for  pulses  larger 
than  10  millivolts  are  4-volt  pulses  which 
are  counted  by  the  counter  for  that  channel 
located  on  the  counter  card  in  the  elec- 
tronics box. 
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3 - 9 . ^ Commutator 


The  commutator  combined  onto  one  channel 
the  monitor  voltages  of  both  instruments 
and  the  instrument  battery.  The  commutated 
signal  was  transmitted  on  sub-carrier  IRIG 
channel  16. 

The  sixteen  segments  were  assigned  as  follows: 


Segment 

Signal 

1,2 

Ground 

3 

+2.5  volt  Cal. 

*,5 

+5.0  volt  Cal. 

6 

Top  deck  H^V 

7 

Top  deck  +13V 

8 

Top  deck  -13V 

9 

Bottom  deck  H.V 
i 

10 

Bottom  deck  +13V 

11 

Bottom  deck  -13V 

12 

Battery 

13 

Spare 

14 

Spare 

15 

Spare 

16 

Spare 

A schematic  of  the  commutator  is  shown  in  Figure 
15-  A unijunction  oscillator  drives  a 7-stage 
binary.  The  last  4 stages  drive  a 4 to  16  line 
decoder.  The  16  sequential  outputs  enable  16 
bilateral  switches  made  up  of  4 quads.  The  commu- 
tator operates  directly  from  the  instrument  bat- 
tery and  performs  correctly  if  the  battery  volt- 
age is  more  than  18  volts. 


L, 
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■ . . rt  Equipment  for  R.M-59  and  RM-< 

3.1  .1  j>:'  -f:.  Di£'  :u:'?ion 

A }SE  console  was  designed  and  built 
for  is « w i t h 1 th  thi  • - ■ nd 

instruments.  El  was  ised  1 i erat  e 
the  instruments  during  acceptance  and 
snvir  - ental  test , Lb  rat  3 n,  inte- 

gration, and  in  the  field  prior  to 
Launch.  console  was  also  used  to 

decode  PCM  photon  count  and  wavelength 
data  from  both  real  time  TM  signals  and 
flight  magnetic  tapes  for  quick  look 
data  reduction. 

The  panel  is  an  "inverted  pan"  configura- 
tion which  allowed  cable  connectors  to  be 
located  on  the  sides.  The  raised  panel 
has  room  below  it  for  electronics  and  power 
supplies.  Patch  cables  are  carried  inside 
the  cover.  The  case  dimensions  are  33  cm 
by  H6  cm  by  18  cm  high.  The  weight  was 
11.5  Kg.  A photograph  is  shown  in  Figure 
16. 

Four  power  supplies  are  mounted  to  the 
bottom  of  the  case.  One  of  these  supplies 
28-volt  power  to  the  instrument  with  sepa- 
rate control  of  both  low  voltage  and  high 
voltage . 
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blower  draws  in  air  through  the  bot- 
tom of  the  case  to  cool  the  power  sup- 
plies and  electronics  since  the  case 
must  dissipate  about  50  watts. 

electronics  were  contained  on  five 
printed  circuit  cards  in  a card  rack 
: asten-d  to  the  underside  of  the  panel. 

3-i  - - :hi i cal  Description 

A block  diagram  of  the  console  is  given 
!(■  Figure  17 . A timing  diagram  is  given 
in  Figure  18. 

The  logic  was  contained  on  five  printed 
circuit  cards  designated  timer,  data 
decode  photon,  data  decode  wavelength, 
time  base,  and  printer  drive. 

Trn-  timer  card  contained  the  clock  oscil- 
1 it  or  and  logic  to  generate  the  sample 
pulses  required  by  the  data  decoding  cards. 
A schematic  is  given  in  Figure  19. 

Since  one  deck  of  instrument  RS-60  oper- 
ates at  100  steps  per  second  while  the 
other  deck  and  both  decks  of  RS-59  oper- 
ate at  10  steps  per  second,  the  console 
clock  oscillator  runs  at  the  frequency 
required  for  the  faster  stepping  deck 
and  its  output  is  counted  down  by  a factor 
of  10  when  the  console  is  used  with  the 
other  decks.  Its  mode  is  controlled  by  a 
front  panel  switch. 


The  data  decoding  cards  sampled  the  PCM 
data  and  stored  the  respective  data 
word  in  registers  to  operate  the  front 
panel  displays,  the  printer  drive  card, 
and  the  digital  to  analog  converter.  A 
schematic  of  the  cards  is  given  in  Fig- 
ure 20. 

The  time  base  card  generated  the  1-second 
and  10-seco.nd  time  bases  for  the  7-digit 
decode  scaler,  also  contained  on  the  card. 
This  is  illustrated  in  Figure  21. 

The  BCD  information  used  to  drive  the 
displays  was  converted  on  the  printer 
drive  card  from  0 volts  and  +5  volts  for 
0 and  1,  respectively,  to  0 volts  and  -6 
volts  required  by  the  printer.  A sche- 
matic is  yiven  in  Figure  22. 

The  photon  count  BCD  information  was  con- 
verted to  an  analog  voltage  by  an  Analog 
Devices,  Inc.  digital-t.o-analog  converter 
Model  DAC-12QZ.  Three  BCD  digits  were  con- 
verted to  a 10-volt  full  scale  output  with 
a linearity  error  of  + the  least  significant 
bit.  The  analog  output  was  useful  for  pro- 
ducing an  intensity  versus  wavelength  plot 
from  magnetic  tape  of  the  flight  data. 
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Time  Base , Square  Wave  Counte 


• . . . ■ i its  ' ntr  perati  t 

For  bench  rati  r nd  librati  n , 

:ons  was  nnected  t th  S tru 

■ si  ss . . ' . ' sonfigurat  j n, 

power  was  suppl  !•  d to  th"  1 r.v: * • fr 

the  console  28-v  )lt  supply,  /as  :ontx  J 
by  the  low  voltage  ( 1.7)  and  hi  volta  -e  H7) 

, and  nil  r 1 f th  front  pai 
ters . : J ' lata  fr  tl  instrui  nl 

lec  ■ I by  th(  el  :tronics  1 - th  :on- 
Le . hi:  iat  < :onsi  1 f four  digil 

decimal  numbers  representing  photon  counts 
fr  lei  " :•  ind  a f ir-digil  numl 

r - r s<  nt  Ir  ; wave!  ngtJ  :anner  position. 
Photon  count  from  the  detector  selected  by 
the  DETECTOR  switch  was  displayed  by  the 
lighted  readout  labeled  PCM  PHOTON  C JNT. 

The  wavelength  scanner  position  was  dis- 
played on  the  lighted  readout  labeled  WAVE- 
LENGTH . 

In  order  to  sample  and  decode  the  PCM  signal, 
the  console  clock  must  be  synchronized  both 
in  phase  and  frequency  with  the  PCM  frame. 

The  sync  control  adjusts  the  amplitude  of  the 
PCM  data  signal  to  match  the  frame-sync  detec- 
tor threshold.  Improper  adjustment  was  indi- 
cated by  the  SYNC  LOST  lamp.  When  the  lamp 
was  off,  the  console  clock  was  being  locked 
In  phase  with  the  PCM  data  frame  at  the  start 
of  each  frame.  The  frequency  of  the  console 
clock  was  adjusted  to  match  the  PCM  bit  rate 


: ;ontr  . idjustr  ■ • 

was  achieved  when  the  e rree‘  • e.-t  • .unt  was 
: ' ayed  r ti  PCN  . - mi  read  at . 

'he  test  ■ ant  ;er  ral  >r  1 tt  instruraenl 
was  enabled  by  .?8  volts  controlled  by  the 

'JH7  swit  •••!  on  * eot./.i  le  pane  1 

for  - ) and  RM-(  : ti  rr 

• ; k was  ■ pulses  { r s :ond 

f 3 • i 3 ' ; :or- 

pulses  per  sec  i anted  for  9- 167 
mi  ill  sec  ndw. ) . 

: ■ ■ ■ harness  ■ nnected  1 th  tesl 

...  Lnstru  nt , th<  scanm 

instrui  mt  was  • ntr  t hi  is 

- f ight , scam  r wa s si  ( 3 wl  n Its 

si  ppli  ■ : ■ wa s triggered  by  a pulse  :en- 

1 In  the  flight  timer  L<  :tr  nics . 

The  console  generated  and  controlled  separate 
t r i ■ ■ - i llses.  W i th  t hi  SCAN  10NTI  sw i t cl 

on  AUTO,  the  pulses  occurred  at  thi  flight 
stepping  or  frame  rate  of  10  per  second  for 
RM-59  and  the  bottom  deck  of  RM-60  and  100 
per  second  on  the  top  deck.  With  thi 
control  on  * 4 , the  scan  was  stepped  every 
fourth  frame  on  RM-59  and  RM-60  (bottom  deck) 
buf  photon  count  was  displayed  and  printed  out 
on  the  Franklin  printer  for  evi  ry  frame. 

RM-60  (top  deck)  with  the  scan  control  on  -s-  4, 
the  scan  was  stepped  every  fourth  frame  and 
the  photon  count  was  displayed  and  printed  out 
every  fourth  frame  or  25  lines  per  second 


which  the  printer  can  handle.  With  the  SCAN 
CONTROL  switch  on  MAH  (manual),  the  scanner 
was  stepped  by  the  STEP  push  button  switch. 

1 lirectloi  se  was  Led  bj  th< 

UP  and  DOWN  push  button  switches. 

assist  in  calibration,  the  console  c 1 Lned 
a 7-di  • T.  deead*  :aler  v;h ! ch  measured 
frequency  of  x h-  square  wave  output  of  ~.he 
strums  ni  . h«  lint  accumulated  in  either 
1 or  10  seconds,  as  selected  by  the  TIME  BASE 
wil  , was  ' ■ ■ h<  *eadou t 

■ . v number  displayed  was  one- 

half  the  actual  photon  count.  The  lamp  to  the 
rignt  of  the  display  indicated  when  the  counter 
gate  was  open.  The  display  time  was  two  sec- 
onds in  both  the  1 second  and  10  second  count 
l<  s.  Phe  SQUARE  WAVE  BNC  connector  provided 
a buffered  output  square  wave  signal  that 
could  be  counted  by  an  external  counter,  if 
: Sired.  The  time  base  for  the  1 second  and 
10  second  counting  intervals  was  derived 
from  the  console  clock  which  was  synchronized 
w 1 1 t I . ■ i r y ■ : h u s 

to  ± . 01  percent . 

An  analog  voltage  proportional  to  either  the 
three  most  or  three  least  decimal  digits  of 
the  PCM  PHOTON  COUNT  was  brought  out  on  the 
BNC  connector  labeled  OUT.  The  rr 
least  (L)  significant  digits  were  selected 
the  ANALOG  OP  PCM  switch. 
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The  console  could  be  used  to  display  PCN 
photon  count  and  wavelength  as  decoded 
:■  I rn  si  derived  from  a real  1 in 

telemetry  signal  or  magnetic  tape  playback. 

In  this  case  the  data  were  usually  inverted 
in  sense  and  could  be  handled  by  usin'  the 
ENVER  El  I NC  input  connector.  The  ■ - 

■ ■ : - . Led  DA  wa:  e i t her  i npul  it- 

put  since  it  was  in  parallel  with  the  data 
wir  n tl  ■ : 5 . Lnstrur  1 ■ • :tor , 

The  console  drove  a Franklin  Printer  to 
print,  out  wavelength  and  photon  count  on 
the  - Lit  . Since  th<  printer  has  i - xi- 
■ . am  print  rate  of  30  lines  per  second,  the 
PRINT  position  of  the  SCAN  CONTROL  switch 
was  used.  This  reduced  the  stepping  rate 
of  the  instrument  by  4 if  it  were  being 
controlled  by  the  console  and  also  held  the 
displayed  da‘  a and  printer  data  for  L frames 
;ivir  frat  rate  of  25  (100  4 it) 

. ;s  per  second  or  printer  lines  per  second. 

3.1'  . h Performance 

• s were  used  to  p<  rate  the  instru- 
iuri  talibration.  They  were  used  at 
Pall  Prothers  Research  Corporation  for  the 
: i : rforma  ;e  test  . U th 

launch  site  ‘he  instruments  in  the  tower  were 
opera-  ed  and  set  in  the  proper  mode  for  launch 

I ij  - tse . 


f. 


t 


r 


■>. — . 


L. 


lial  afl  ;r  1<  . • 1 . , th<  . ..  : 

used  to  produce  quick  look  data  reduction  at 
the  site  telemetry  station. 


3-11  Testing  and  Calibration 

Prior  to  instrument  calibration,  which  was  done  by 
; "•  al  their  facilit  , • rious  tests  w<  r< 

conducted  by  the  contractor  before  acceptance.  Repor4 ; 
and/or  data  were  supplied  on  the  following  performance  : 

3.11.1  Detector  Tests 

A well-defined  counting  plateau  for  count 
ral  of  3 ini  per  secoi  stab- 

" ■ / illumi  ■ ' i with 

EUV  radiation.  This  was  done  before  p 
tin-;  with  a test  amplifier  and  repeated 
1 1 i 1 w i t h i w f 1 i gh  t amp  1 i - 
fier.  Background  count  rates  when  operated 
at  plateau  conditions  'without  illumination 
were  obtained  in  both  instances . Data 
the  above  were  supplied  to  the  contractor 
with  delivery  of  the  instrument. 

3.11.  ~ Acceptance  Tests 

Prior  to  acceptance  of  the  instrument,  it 
underwen*  specific  tests  at  AFCL  by  }ov  r - 
1 . r h e s < t s t s r - rat  i 

in  a report  filed  by  Corns* cck  & Wescott  with 
!ontract  Monit  r t it!  1 , " ■ - nd  ;cept- 

a nee  Plan  for  Rocket  Spectrometer  No.  5?" 
dated  15  February  197^. 
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Instrument,  prior  to  acceptance  , 
was  also  subjected  to  a series  of 
vibrati  n 1 sts  t AFGL. 


Field  Support  Services 

f : ipj  lurii  ■ lnt<  rati  w ith  th 

;■  1;:  _nm  control  and  also  during  launch  of  the 
1 n s 1 1 imi  :all<  3 : ' r in  this  : nt r ac t . 

."his  included  a trip  to  Ball  Brothers  Research 
' rp<  rat  I n it  ulder,  Colorado,  and  also  a tri; 

. : , ir gini a . Sudi  r 1 als o i - 

i aintenance  and  operation  of  a 5 v<  rn- 

rr  - twr.ed  fi-  Id  vacuum  system  (including  a 
he  . a-  . eak  I-  to  ctor ) . 


This  instrument  was  launched  (with  the  nos<=>  cone 
racuated)  at  15^5  E.D.T.  on  29  June  197^,  aboard 
an  Aerobee  170  rocket  from  Wallops  Island,  Virginia- 
Useful  data  were  received  on  seven  of  the  eight- 
detectors;  no  quantitative  data  were  obtained  from 
the  detector  monitoring  the  12068  wavelength.  The 
instrument  was  recovered  from  the  water  after 
flight  and  checks  then  showed  that  six  of  the  eight 
detector  amplifiers  no  longer  functioned.  No  d<  fi- 
nite determination  was  made  on  the  cause  of  these 
• Ions.  Other  pertinent  information  on  the 
launch  of  this  instrument  is  contained  in  a letter 
report  dated  15  July  197^  titled.  "Lett< 
Instrumentation  and  Flight  of  RM-59." 


4 . R ' ’K."T  .5PE  "I  JMKTER  ,’j  . • 

4.1  Introduction 

Thl s 1 nst  r im<  - was  ;ra  sing-incidenc  1 -deck 
. • ■ • :.i  r f . ' ' ' ; ■ : ' : 1 1 in  ' T ' * SOntinU- 

ous  or  a stepping  n le  wl  1 asurii  t he  spectral  dis- 

tribution of  the  intensity  of  solar  extreme  ultraviolet 
radiation  in  the  wavelength  ranges  f 55  8 to  30  5 8 ana 
2208  to  12208.  Each  wave!  ;th  rai  - was  livid<  3 int 
four  overlapping  bands ; and  e<  :h  bar  i wa  sat  3 by 

moving  an  assembly  consisting  of  an  exit  slit  and  a 
channel  electron  multiplier  (CEM;  along,  the  Rowland 
sircle.  The  four  OEM's  on  each  deck  wer  1 rate  3 
simultaneously  during  laboratory  calibration.  Eh<  it  slu- 
sion  of  a more  complex  entrance  aperture  than  on  the 
previous  instrument  enabled  this  unit  to  study  speciiic 
place  areas  of  the  sun. 

4.?  Instrument  Package 

■ istrument  housing  was  si'.'  R ) 

a similar  magt  ;siun  alloy  casting  (AZ-9  ' ■ 
It  also  followed  the  design  depicted  in  Figure  1. 
fable  II  summarizes  the  technical  characteristics  o:  :.~s 

instrument . 

4.3  Entrance  Aperture 

An  objective  of  the  aperture  design  for  RM-t 0 was  to 

restrict  the  instrumental  field  of  view  to  approximately 
— f , 

2 x 10  1 steradian. 
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Ph<  ; mplet<  ' wing  : nstraints , 1 w ver , w er< 
limit  the  instrumental  field  of  view  to  five  arc 
minutes  in  the  azimuth  and  five  arc  minutes  in  the 
• levati  n directions.  This  objective  was  easi  i 
attained  in  the  elevation  direction  (parallel  to 
the  lane  of  dispersion)  but  required  the  use  of  a 
ilti-  ;rid,  multi-channel  collimator  in  the  orthi  g - 
nal  (slit  height)  direction  in  order  to  enhance  the 
throughput  of  the  instrument. 

The  design  of  the  collimator  followed  the  geometric 
pri  ;ij  les  1 . ■ Li  i<  ; by  IcGrath  and  Ha rw it*  which 
tl  . a 1 u e for  (1  - x)  was  chosen  as  0.72.  This 
relatively  large  transmission  value  was  chosen  in 
order  to  minimize  the  total  slit  height  and  provide 
an  acceptable  match  with  the  exit  slits  at  the 
n ;est  wavelength  scanned  by  the  instru  ent. 

Llimat  r was  ri  finally  proposed  for  this 
application  but  was  soon  increased  in  length  in  order 
to  minimize  loss  of  intensity  due  to  Fraunhofer  dif- 
fraction at  the  entrance  slits  of  the  collimator . 

3ince  the  permissible  slit  width  increases  directly 
ir  jrease  in  • imai  r Length , wh<  reas  h( 
fraction  profile  varies  inversely  with  the  slit  width 
it  is  possible  to  realize  a rapid  gain  in  throughput 
...  ...  i no  re  as  < s it  t h<  t • A n 

additional  increase  in  the  width  of  the  collimator 
entrance  grid  slits  was  possible  by  interpreting  the 
instrumental  field  of  view'  to  mean  an  unntt  ■,  n. u .a * d 
field  of  view. 


led  pt ics  ' , 37  1969 
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IHNICAL  CHARACTERISTICS  P R JKEl  S ' EF  N . ( 


".'his  i 

nter 

j r<  tai  J 

' ' ' : 

turns 

that 

pr  / idi 

■d  an  arisular  re 

po  i th 

^UUI 

ce  that 

showed  a flat  t< 

.•harac 

teri 

stic  w i ‘ 

h a total  width 

lent  t 

0 7 . 

5 arc  rri  i 

nutf-s. . 

r entrai 

ion.'*-  to  a distant 
: ■ d triangular 
sutoff  < iui  ■ - 


Lgure  • Liu  • • basic  • ilimat  i ;rid 

p 3 c 0 r*  subas s smbly  wh  * ■ 

:ollimator  1 yet  .■  ■ . 

• • ■ m t ..  : a n * 

Same  as  in  7.4. 


• . r Gratings 


h - ;rat  Ings  for  RM-  als  1 

tomb  replicas  with  the  followin  ' char?;  ;teristics: 


Bausch  & Lomb  No. 
Ruling 

Ruled  Ar<  a 

Blaze  W velenqth 
Blaze  Angle 

Grating  Blank 


Peck  A 

35-52-39-70 

1200  grooves/mm 

32  mm  ruled  width 
24  mm  groove  length 

1100  Angstroms 

40  00’ 


Deck  B 

35-53-39-30 

300  grooves/mm 

32  mm  ruled  width 
24  mm  groove  lenath 

4650  Angstroms 

40  00' 


Both  --  1986  mm  radius,  fused  quartz  as  i: 
the  previous  instrument  (RM-59) . 


4.6  Detectors 

500  oval  cathode  channel  electron 
multiplier  was  also  used  in  this  instrument  for 
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phut-  *.  detect!  <n.  because  of  the  expected  lower  count 

: : ’icted  field  f i , igl 

! was  lej  5 3 *d  by  Ac  n R< ‘search  ) r;  rati 

insid*  of  the  cone  jf  six  of  the  detectors  ( those  at 
the  shorter  wavelengths)  to  increase  the  photoelectr.  :• 

3 i.  rh  sai  itii  procedures  as  tha  3 :ril 

’ >ect  j . were  als  sarried  it  here . 

Durin  th  alibration  f this  instru  at  , 
of  the  detectors  failed  in  a manner  similar  to  that 

ri  ii  ••  3 with  - -.  A resistance  check  of  the  de- 
fective detector  from  this  instrument  and  the  three 
fr  - • disclosed  an  open  circuit  between  the 
and  thr  al  f the  JEM*  s.  The  resist  • v lu 

rec  iv  ; , tested,  { tted,  and  tested  again  was  always 

q 

about.  1.5  x 10  ohms,  but  when  measured  after  less  f 

12 

signal  would  be  > 10  " ohms.  After  extensive  corre- 
S{  witl  »alj  ictro-Optics , it  was  determined 

that  they  had  made  some  chances  in  their  production 
Prior  detectors  were  constructed  as  a one- 
part  class  component  whereas  the  detectors  used  in 
RM-59  and  RM-60  were  two-part  glass  assemblies.  The 
collector  caps  on  the  later  detectors  had  to  be  con- 
nected to  the  inner  glass  (conductor)  by  evaporation  of 
a chromium  strip. 

This  strip  had  opened  in  the  failed  units  durin-  cali- 
bration, rendering  the  CEM  useless.  According  to 
Galileo,  no  repair  could  be  done  on  the  componen- 
itself  once  this  occurred.  They  conclude  tha*  a "screen- 
ing" test  by  them  might  have  detected  the  bad  ones  in 
the  1 t if  such  a test  had  been  applied.  All  previously- 
used  OEM’s  of  the  one-part  -lass  were  "unscreened"  wich  a 
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hundred  percent  success  of  operation  after  installa- 
' ' n.  The  fatigue  failure  rate  on  the  new  standard 
production  stock  is  twenty  to  thirty  percent  as  now 
quo  t ->d  by  Jal i leo  . 

' ir<  :•  : rs  wi  specify  a one-part  glass  asseral 
with  the  collector  cap  epoxied  to  the  output  face  of 
JEM.  The  orders  will  also  require  a full  screen- 
iccording  to  th<  f . lowing  specifications  prior  to 
acceptance . 

GAIN  - 

The  OEM  rain  (GCR.^)  shall  be  rreater  than 

7 

5 x 10'  for  an  anode  voltap'e  (V.)  less 

A 

than  : 700  volts  when  operating  at  a count 
rate  of  2000  counts  per  second  throughout 
the  LIFETIME  tests. 


LIFETIME  - 

The  minimum  total  accumulated  counts  shall 
a 

equal  1 x 10  and  shall  be  samDled  at 

g 

5 x 10°  count  intervals.  The  maximui  1 tal 

Q 

accumulated  counts  shall  not  exceed  2 x 10  . 
It  is  required  that  VA  (at  which  G.,7,v  = 

7 

5 x 1C  at  2 KHz)  shall  not  increase  more 
than  50  volts  between  two  cons  . Li  ter- 

vals.  Results  will  be  recorded  at  each 
interval . 

FWHM  - 

Evaluated  at  G^,™  = 5 x 10’  at  2 KH”,  the 

FWHM  = 30%.  Results  will  be  recorded  at 
each  interval. 
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CHANNEL  ELECTRON  MULTIPLIER  RESISTANCE 

R i _ 

ce  : 

/•  r • h<  : f thi  tests* 

;j  . sh  ■ ■ 1 chan  ;e  I ji t hat  . " . 

■ ’ ’eeord  1 it  ach  ini  *val. 

^.7  Wavelength  Scanning  Subsystem 

The  wavelength  scannin  - subsystem  was  similar  to 

' : ' •'  :tior  3.7  but  with  th<  listanc 

witches  led.  rh<  scan  t i 

■ or  a complete  continuous  spectrum  scan  in  this  instru- 
ment were  52  seconds  for  the  22oS  to  122oS  range  and 
is  for  ' ■ ■ - : . 

time  was  illisee  i :onds,  respec- 

t I vely . 


■ . . Take-Up  Pulley  Assembly 

sat  e that  described  in  Sec- 
tion 3.7.1. 


4.  7.  Drive  Assembly 

The  drive  assembly  was  the  same  as  that 
: scribed  in  Section  3.7.2  for  the  short 
• : gl  h l<  ik  but  a 40.1  gearhead  was 

used  in  the  long  wavelength  deck  of  this 
nt,  suiting  in  a step  3 
ment  of  .0006  inch  (.01524  mm). 

4-7.3  Flexible  Belt  Drive 

The  same  as  that  described  in  Section  3. 
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— ... 


■ . . • 

The  same  as  that  described  in  Section 
- . ' . : :ep*  thai  ti 

equldistantly  apart  in  rder  v supply 
overlapping  wavelength  • -verare. 

4 . c:  .pi  leal  A1  ign , • 

identical  ref  ir  for  all gi  1 f 

i ng  3 < a t , e n t r a n slits,  nd  It  slits  v 

j r vid<  : r thi  ' stru  ent  as  those  noted  in  Se 

tion  3-8. 

l . 9 Electronics  f ■ . 

4.9.1  General 

The  electronic  subsystems  built  for  the 
- instrui  Lmi- 

built  foi  -59- 

there  were  differences  as  required  for 
differinr:  scan  rates. 

As  mentioned  in  Section  3.9.1,  the  lc  :i 
cards  of  both  decks  were  mounted  in  the 
same  electronics  box. 

A timing  diagram  is  given  in  Figure  9. 

Note  that  the  scan  motor  moves  only  one 
position  per  frame  instead  of  two  as  it 
did  in  HM-59*  This  is  possible  because 
ss  • rqu  • is  required  since  the  carriage 
tioi  is  less  per  f me,  frarm 


!'J  •t  "r  •'•••  ' '?'d  on  the  top  deck  and 
1 : •!!  th  i • • - ci • ' • k 

■ . 'O'  i • ■ . ■ : r i b e d ! ri  h-Mi  n 

Ither  mode. 

t * the  PCI*  lata  w ild  have 
; M : •"  *"n'  throm-h  the  ! ni.orfa-.n- 

'*  r'  and  ’he  bottom  deck  PCM  would 

; ' : •din H ;arrirP 

t*  'be  S-band  telemetry 
" tld  adequately  carry  the 
i PC  bit  Ldl  . rhe 
1 ; wh  Lcl  per  at  : at  ne- 

tenth  the  rate  of  the  bottom  deck 
could  b ■' ■ carried  on  a narrower  band 
width  channel . 


• >ys  ical  C nfi  ; ir  it  i ■ 

hys  ical  jonfigu ra tioi  f RM-f  ’ s 
electronic  system  was  exactly  the  sane 
as  that  of  RM-59. 

■d.3  Circuit  Description 

111'--1  block  diagram  RM— ( * 

was  the  same  as  RM— 59-  See  Figure  10. 

; leek  motor  drive/timer  card  con- 
tains a 1 ml  Lis  lond  "or  shot"  i t r 
pulse  generator  and  the  bottom  deck  card 
an  8 millisecond  "one  shot." 
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J - ' 

Is . :cu 

83  * 3 mi  Ills  ■ . 1 • . n thi  n leek 

t Iv  photon  e .nt.  r was  in  hi l.  ir^d  f p 
one-half  thi  f : t word 

- w<  fth  f thi  time  :i  ' an  accu- 
mulative time  of  eleven  twelfths  of  1C 
: 


The  schematic  of  the  motor  drive/timer 
card  is  r.iven  in  Figure  25-  Other 
schematics  are  the  same  as  those  of 

RM-59. 

*1.9.**  Co  imutator 

The  same  type  commutator  was  to  be  used 
with  RT-60  as  with  FT -.59. 

**.10  Testing  and  Calibration 

Prior  to  actual  calibration  by  AFOL  personnel,  ‘he 

detector  tests  and  acceptance  tests,  as  enu merat.-ei 

S :tj  -.11,  were  carried  on-  jn  this  ins 

They  are  noted  in  a report  filed  by  Comstock  & Wescoft 

with  the  Contract  Monitor  titled,  "Test  and  Acceptance 

Plan  for  Rockc^  Spectrometer  No.  60,"  dated  19  July 

197*1. 
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.1 

Th-  recovered  d uble  deck  instrument  from  the 

sland  Lau ■ - • w<  s r<  1 si  ;na1  J 

as  - - )-II.  The  eight  (3)  CEM  detectors  w<  r 
re [ aced  a]  ; w ' 1 h e 3 ;h1  ne w j i amj  1 f 3 • t • s . 

De-feet. ‘'r  tests  and  acceptance  tests  were  performed 
rati  i in  Sect3  >n  3.11.  This  instrument 
had  i he  same  technical  characteristics  as  that 
listed  it;  Table  I. 

with  the  grazing-incidence  spectrometer,  two 
Jovernment  furnished  auxiliary  experiments  were 
added  1 th  ] ay  load . Th  y were  ai  Electr  1 Spi 
trometer  and  a side  viewing  Photometer  for  which 
electronic  boards,  ground  support  equipment,  and 
integration  services  were  furnished  by  the  contractor 
A description  of  the  components  and  services  sup- 
plied is  covered  in  the  following  sections. 

5.2  Electron  Spectrometer  Electronics 

An  electronic  subsystem  was  designed  and  built  to 
energize  the  government-furnished  electron  spectr  riv- 
eter detector. 

The  electronics  generated  6^  different  voltages 
which  were  applied  in  sequence  to  the  detector 
plates.  The  electrons  collected  at  i/olta 

(enerry  level)  were  multiplied  in  a channel  electron 
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multiplier  in  the  detector  assembly  and  the  current 
bursts  {each  burst  representing  one  electron)  were 
mt<  : ' : . a • i :ad  1 ;imal  : unter  Lf  bit 


6-bit  electron  count,  along  with  six  inary 
bits  (r  presenting  each  of  the  64  detector  voltare 
■•■Is  at  which  the  electrons  were  collected)  and 
a lb-bit  sync  word  comprised  the  PCM  frame.  A 
ti  ' : lia  ran  is  ;iven  A Figure  26 . rhe  fram< 

rate  was  50  per  second.  Thus,  the  electron  collec- 
tion time  for  each  voltage  step  was  20  milliseconds 
(actually  15  microseconds  less  than  20  milliseconds 
:■  19.985  milliseconds). 

The  detector  voltages  range  from  less  than  a volt 
to  more  than  64  volts  and  the  ratio  of  successive 
voltages  was  held  to  better  than  one-half  of  one 
percent.  A table  of  voltages  is  given  in  the  test 
acceptance  plan  for  the  electron  spectrometer,  dated 
25  September  1975- 

A high  voltage  power  supply  and  filter  card  for  the 
electron  multiplier  was  mounted  adjacent  to  the 
multiplier.  The  output  pulses  from  the  multiplier 
were  amplified  in  a pulse  amplifier  and  fed  to  the 
counter  and  logic  boards  which  were  located  in  a 
card  rack  mounted  on  the  same  base  plate  as  the 
detector  itself. 


APPROVED 


: . :ard  rack  ■ nt  ' ■ ■ 3 fiv  pri  3 :ircui1  :ards 
and  ' w m ■ - ; m r suppli  s . Th<  fiv 

cards  were 


...  a timer  :ard  1 ;enera1  - th< 
frame  logic; 

...  a test/output  card  which  con*  a In-  1 
a test  generator  and  also  circuits 
to  combine  the  electron  count,  step 
number,  and  sync  word  to  make  the 
complete  PCM  output  waveform; 

...  a counter  card ; 

...  a step  generator  card;  and 

...  a step  drive  card. 

Schematics  of  the  cards  are  riven  in  Figures  27,  ", 

29,  and  30.  A block  diagram  is  given  in  Figure  • . 

5.2.1  Ground  support  Equipment 

A GSE  console  was  designed  and  built 
to  operate  the  electron  spectrometer 
system  during  acceptance  and  environ- 
mental test,  calibration,  integration, 
and  in  the  field  prior  to  launch.  The 
console  was  also  used  to  decode  the 
electron  count  and  voltage  step  from 
the  flight  magnetic  tape  for  quick 
look  data  reduction  immediately  after 
the  rocket  flight. 

The  console  is  very  similar  to  that 
built  for  the  RM-59/60  instruments. 
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A block  diagram  Is  given  In  Fi.-’jr-  3" 
and  a t Imin  • diagram  is  in  :•  i 'ur*  - . 

panel  is  an  "im  rl  3 pan"  : n- 

fi  -uration  which  allowed  cable  conn 

tors  to  be  located  on  the  sid-s. 
raised  panel  has  room  below  i ‘ for 
ronics  and  power  supplies, 
cables  are  carried  inside  th< 

The  case  dimensions  are  33  err:  by  ^6  c- 
by  18  cm  high.  The  weight  is  11.5 

Four  power  supplies  are  mounted  to  the 
bottom  of  the  case.  One  of  ' hes  s - 
plies  28-volt  power  to  the  instrument 
with  separate  control  of  both  low  volt- 
age and  high  voltage. 

A blower  draws  in  air  through  the  bot- 
tom of  the  case  to  cool  the  power  supplies 
and  electronics  since  the  case  must  dissi- 
pate about  50  watts. 

The  electronics  were  contained  on  f iv< 
printed  circuit  cards  in  a card  rack 
fastened  • th  underside  of  the  panel. 

In  order  to  sample  and  decode  the  PCM 
signal,  the  console  cl o ■ 1 ■ syn- 

chronized both  in  phase  and  frequency 
with  the  PCM  frame.  The  sync  control 
adjusts  the  amplitude  of  the  PCM  data 
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Figure  30.  Step  Generator 

Electron  Spectrometer 


signal  to  match  the  frame-sync  detec- 
tor threshold.  Improper  adjustment 
was  Indicated  by  the  SYNC  LOST  lamp. 
When  the  lamp  was  off,  the  console 
clock  was  being  locked  in  phase  with 
the  PCM  data  frame  at  the  start  of 
each  frame.  The  frequency  of  the  con- 
sole clock  was  adjusted  to  match  the 
PCM  bit  rate  by  the  FREQUENCY  control. 
Proper  adjustment  was  achieved  when 
the  correct  test  count  was  displayed 
on  the  PCM  PHOTON  count  readout.  The 
test  count  generator  in  the  instrument 
was  enabled  by  28  volts  controlled  by 
the  TEST  COUNT  toggle  switch  on  the 
console  panel.  The  correct  count  was 
500  (25000  pulses  per  second  counted 
for  20  milliseconds). 


With  the  test  harness  connected  to  the 
test  connector  on  the  instrument,  the 


voltage  in  the  instrument  was  controlled 
by  the  console.  (In  flight,  the  voltage 
was  stepped  when  its  stepping  logic  was 
triggered  by  a pulse  generated  in  the 
flight  timer  electronics.)  The  console 
generated  and  controlled  separate  trig- 
ger pulses. 


With  the  step  control  on  NOR  (normal)  the 
analyzer  voltage  was  stepped  at  the  normal 
rate  of  50  per  second.  With  the  switch  on 
SLO,  the  rate  was  1 per  second. 


i 


To  assist  in  calibration,  the  console 
contained  a 7-digit  decade  scaler  which 
measured  the  frequency  of  the  square 
wave  output  of  the  instrument.  The  count 
accumulated  in  either  1 or  10  seconds, 
as  selected  by  the  TIME  RASE  switch,  was 
displayed  on  the  readout  labeled  PHOTON 
COUNT.  The  number  displayed  was  one-half 
the  actual  photon  count.  The  lamp  to  the 
right  of  the  display  indicated  when  the 
counter  gate  was  open.  The  display  time 
was  two  seconds  in  both  the  1-second  and 
10-second  count  modes.  The  SQUARE  WAVE 
BNC  connector  provided  a buffered  output 
square  wave  signal  that  could  be  counted 
by  an  external  counter,  if  desired.  The 
time  base  for  the  1-second  and  10-second 
counting  intervals  was  derived  from  the 
console  clock  which  was  synchronized  with 
the  instrument  crystal  clock  and  thus  was 
accurate  to  +.01  percent. 

An  analog  voltage  proportional  to  either 
the  three  most  or  three  least  decimal 
digits  of  the  PCM  PHOTON  COUNT  was  brought 
out  on  the  BNC  connector  labeled  OUT.  The 
most  (M)  or  least  (L)  significant  digits 
•were  selected  by  the  ANALOG  OF  PCM  switch. 

The  console  ^ould  be  used  to  display  PCM 
photon  count  and  wavelength  as  decoded 
from  a PCM  signal  derived  from  a real  time 


telemetry  signal  or  magnetic  tape 
playback.  In  this  case  the  data  were 
usually  inverted  in  sense  and  could 
be  handled  by  using  the  INVERTED  DATA 
BNC  input  connector.  The  connector1 
labeled  DATA  was  either  input  or  output 
since  it  was  in  parallel  -with  the  data 
wire  on  the  console  instrument  connec- 
tor . 

The  photon  count  BCD  information  was  con- 
verted to  an  analog  voltage  by  an  Analog 
Devices,  Inc.  digital-to-analog  converter 
Model  DAC-12QZ.  Three  BCD  digits  were 
converted  to  a 10  volt  full  scale  output 
with  a linearity  error  of  ± the  least 
significant  bit.  The  analog  output  was 
useful  for  producing  a count  versus  volt- 
age step  plot  from,  magnetic  tape  of  the 
flight  data. 

Schematics  of  the  console  printed  circuit 
cards  are  given  in  Figures  3^,  35,  20,  36, 
and  22. 

The  console  was  used  to  operate  the  instru- 
ment during  calibration.  It  was  used  at 
Ball  Brothers  Research  Corporation  for  the 
integration  and  performance  tests. 

Immediately  after  launch,  the  console  was 
used  to  produce  quick  look  data  reduction 
at  the  site  telemetry  station. 


3 Photometer  Electronics 

An  electronic  subsystem  was  designed  and  built  to 
interface  the  output  pulses  from  a government  furnished 
photometer  detector  assembly  with  the  rocket  PCM 
telemetry  system.  Electronics  to  energize  a mecha- 
nism for  alternate  insertion  of  two  filters  in  front 
of  the  defector  was  also  made. 


The  government- furnished  detector  included  a photo- 
multiplier, high  voltage  power  supply,  and  pulse  ampli- 
fier. The  output  pulses  from  the  pulse  amp  were 
counted  and  converted  to  PCM  data  along  with  a sync 
word  and  filter  position  information  by  circuits  on 
three  printed  circuit  cards  which  were  located  in  a 
separate  section  of  the  electron  spectrometer  assembly. 

A block  diagram  is  shown  in  Figure  37  and  a timing 
diagram  in  Figure  38. 

The  timer  card  generated  PCM  frame  logic  at  the  rate  of 
10  frames  per  second.  The  counter  card  contained  a 
4-digit  decimal  counter  and  shift  register.  Thus,  the 
system  was  capable  of  handling  pulse  rates  up  to  100,000 
pulses  per  second  directly.  Since  the  counter  recycles 
to  zero  and  fills  again  if  there  are  more  than  10,000 
counts  per  frame,  by  inspection  of  the  data  the  number  of 
recycles  can  be  determined  and  a very  high  count  rate 
can  be  measured. 

The  power  supply/output  card  contained  a ±15  volt  power 
supply  and  output  shaper. 

Schematics  are  given  in  Figures  39,  29,  and  40. 
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Figure  34.  Schematic  - Timer  Console  Electron  Spectrometer 


Schematic,  Step  Decode  Electron  Spectrometer  Console 
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Figure  38.  Timing  Diagram  - Photometer 


/*/ 


Timer  Ph o t ome t e r RM - 


5.3-1  Ground  Support  Equipment 


To  operate  the  photometer  system  during 
acceptance  and  environmental  test,  cali- 
bration, integration,  and  in  the  field 
prior  to  launch,  a console  that  already 
existed  was  modified  to  operate  at  the 
correct  frame  rate  and  format. 

A new  timer  card  was  designed  and  fabri- 
cated. A timing  diagram  is  given  in 
Figure  4l  and  a schematic  in  Figure  42. 

The  data  decode  card  and  time  base  card 
were  used  without  modification.  Schematics 
are  given  in  Figures  20  and  36.  The  printer 
drive  card  of  the  original  console  was  also 
used.  See  Figure  22. 


5.4  Field  Support  Services 

Support  services  were  provided  for  integration  of  this 
instrument  and  its  auxiliary  experiments  with  the  point- 
ing control  at  Ball  Brothers  Research  Corporation  in 
Boulder,  Colorado,  and  also  at  the  launch  facility  at 
WSMR,  New  Mexico.  Leak  checks  were  made  on  the  nose  cone 
and  F-section  at  both  times.  These  services  are  detailed 
in  a letter  report  to  the  Contract  Monitor  dated  1 March 
1976. 

The  payload  was  launched  (with  the  nose  cone  evacuated) 
at  1220  MST  on  24  February  1976  aboard  an  Aerobee  170 
rocket  from  the  Aerobee  350  Tower  at  White  Sands  Missile 
Range  in  New  Mexico.  Data  were  received  from  the  Electron 
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Spectrometer,  the  side  viewing  Photometer,  as  well 
as  from  seven  of  the  eight  CEM  detectors  (no  data 
again  from  the  12068  detector).  Due  to  a separation 
of  the  instrument  payload  between  the  F-  and  E-sections 
upon  chute  deployment,  a successful  recovery  was  not 
obtained.  Some  of  the  payload  components  were  recovered 
a few  weeks  later,  but  due  to  the  damaged  condition  of 
these  components,  a comprehensi ve  post-launch  analysis 
of  the  detector  problem  could  not  be  carried  out. 
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